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© Method and apparatus for the treatment of wastewater. 

© A method for treating wastewater by circulating waste- 
water around a system comprising a downcomer (1) and a 
riser (2) which communicate directly at their lower ends, the 
level of the wastewater in the downcomer (1) being main- 
tained above the level of the wastewater in the riser (2) to 
provide a hydrostatic pressure head which causes circulation 
of the wastewater around the system, supplying a gas con- 
taining oxygen to the wastewater as ft passes through the 
downcomer {1 ), pumping at (9) the wastewater from the top of 
the riser (2) back into the top of the downcomer (1 ) and remov- 
ing treated wastewater from the riser (2) at the same rate as 
wastewater is introduced at (4) into the system; the height of 
the hydrostatic pressure head is controlled by adjusting the 
^ height at which treated wastewater is removed from the riser 
— . (2) and the lever of the wastewater in the riser (2). It is also 
g provided an apparatus for putting the method into practice. 
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Method -and apparatus for the treatment of wastewater 

This invention relates to a method and apparatus for 
the treatment of liquid-borne biologically-degradable waste 
material, hereinafter referred to as wastewater, which term is 
5 to be understood to include all types of biologically degradable 
domestic and industrial waste materials, for exaaple normal 
domestic sewage, the effluents produced by farms, food factories 
and other industries producing such waste, 

The methods generally employed in the treatment of waste- 

10 water comprise essentially a primary treatment by physical methods 
such as screening and sedimentation to remove large suspended 
solids followed by a secondary treatment by biological methods to 
remove organic materials. The present invention relates to a 
secondary treatment stage. 

*5 Tne present invention relates to a method for the treat- 

ment of wastewater which comprises the steps of introducing waste- 
water into, and circulating it around, a system comprising a down- 
comer and a riser in direct communication with each other at their 
lower ends, the level of the wastewater in the downcomer heing 

20 maintained above the level of the wastewater in the riser to pro- 
vide a hydrostatic pressure head which causes circulation of the 
wastewater around the system, supplying a gas containing free oxy- 
gen to the wastewater as it passes through the downcomer, pumping 
the wastewater from, or from near, the top of the riser back into 

25 the downcomer at or near the top thereof, and removing treated 
wastewater from the riser at substantially the same rate as 
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wastewater is Introduced into the system characterised in that 
the heigit of the hydrostatic pressure head is controlled by 
adjusting the heigit at which treated wastewater is removed 
from the riBer and, hence, the level of the wastewater in the 
5 riser. 

The present invention also relates to an apparatus 
for the treatment of wastewater comprising a downcomer and a 
riser in direct communication with each other at their lower 
ends, means for introducing wastewater into the apparatus, 
10 means for" supplying a gas containing free oxygen to. the waste- 
water as it passes through the downcomer, meanB for pumping the 
wastewater from, or from near, the top of the riBer hack into 
the downcomer at or near the top thereof to maintain the level 
of the wastewater in the downcomer above the level of the waste- 
15 water in the riser, and at least one outlet for removing treated 
wastewater from the riser at substantially the same rate as 
wastewater is introduced into the apparatus, characterised in 
that means are provided for varying and adjusting the heigit at 
which treated wastewater is removed from the riser througa the 
20 said outlet, whereby the level of the wastewater in the riser 

and the height of the hydrostatic pressure head can be controlled. 

In the accompanying drawings, Figure 1 illustrates dia- 
gramatically, a known example of the kind of apparatus for the 
treatment of wastewater suitable for modification and use in the 
25 present invention while Figures 2 and 3 illustrate, diagramatically, 
two examples of modifications made thereto in accordance with the 
invention. 

As illustrated in Figure 1, the apparatus comprises a 
downcomer 1 and a riser 2 which are in direct communication with 

30 each other at their lower ends where they form a closed loop, and 
a pump 3 which recirculates wastewater from, or from near, the 
top of the riser 2 back into the downcomer 1 at or near the top 
thereof. Although the wastewater must be pumped Tip from the riser 
to a higier level in the downcomer, in the interests of power 

35 economy it is desirable not to pump it to a higier level than that 
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B ost caerc conditions ^ it is deseed to cope with 
mMSam velocity of wastewater around the system -a ***** 
production of aix into the circulate -ate^tex. (P«»r a 
specific constant duty end load, tne » 1-1 A-A -n—» 
5 Ihetsntially constant, hut there vill be natural, 

oscillations above and helow this level; the downc«ner l -extends 
efficiently fax ahove the level A-A to ensure that dux^ng such 
ahoxt-texm oscillations ahove A-A the wastewater does not ovex- 
now from the top of the downcomex). Vhen the mean level In the 
10 downcomex is at A-A, the mean level in the head-tan, 8 will »e, 
for example, at C-C, and the Bean level CC vill remain subsi^ 
tially constant in spite of shoxt-texm oscillations in the level 
A -A There vill therefore he a substantially constant head H 
causing circulation of the wastewater down the downcomex 1 and 
15 up the xisex 2 to the head-tank 8, and the pun* 3 vill use a 

substantially constant amount of power in pumping the wastewater 
froffi the head-tank 8 hack into the top of the downcomex at 9 
(vhich, for reasons of economy, should not be located any higher 
tfcan is necessary to take account of natural, short-term oecll- 
20 lations in the level A-A). OMs power consumption is unavoidable 
wtte n the level of the wastewater in the downcomer is maintained 
Buhstantially constant at A-A. 

Eovever, in many (possibly in most) cases, the apparatus 
vill not always be operating undex the most onerous conditions 
25 with vhich it is desigaed to cope, since the natuxe of the vaste- 
vatex and the load may vary at regular or ixxegolax intexvals.. 
to the case of domestic sewage, fox example, thexe may he considex- 
ahle diffexences between the diurnal and nocturnal loads and, in- 
deed, it may be possible to forecast at what houxs the changes 
30 fxom heavy duty to light duty (and vice vexaa) occur daily. 

Upon changing to light duly (that is to say, at xeduced 
velocity of wastewatex around the system and at reduced introduction 
of air into the circulating wastewater) the mean level of the waste- 
water in the downcomer will sink from A-A to (for example) a mean 
35 level of B-B (which, as in the case of A-A, will also he subject 
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to natural short-texm oscillations). The level C-C in the head- 
tank 6 vill also sink, hut to a lesser degree, and if the head 
tank 8 has a very large cross-section it may, in fact, continue 
to remain substantially constant at almost its original level. 
5 There vill now he a smaller hut substantially constant head h 
causing circulation of the wastewater down the dovncomer 1 and 
up the riser 2 to the head-tank 8. The pump 3 continues to 
pump wastewater from the head-tank 8 hack into the dovncomer 1 
at 9* even though it is only necessary to raise this wastewater 
10 to the level B-B, and hence any power consumed by the pump in 
raising the wastewater from the head-tank 8 to above the level 
B-B is unfortunately (hut unavoidably) wasted when the apparatus 
is as shown in Figure 1. 

Methods of overcoming this wastage of power are illus- 
15 trated in Figures 2 and 3i in which the pump 3 is 6hown as an 
archimedean screw pump. Instead of a single fixed outlet 5 from 
the head-tank 6, there are provided one or more outlets located 
at various variable and adjustable heights above the base of the 
head-tank. In the embodiment illustrated in Figure 2, this takes 
20 the form of an adjustable weir 10 provided adjacent an opening 10a 
in the wall of the head-tank 6; the wastewater in the head-tank -8 
overflows the top of the weir 10 and is removed from the system. 
If the weir 10 were to cover the opening 10a completely, wastewater 
could only escape from the head-tank 8, if at all, over the wall of 
25 the head-tank which is not desired. However as the weir 10 is 

lowered, wastewater can escape throu#i the top of the opening 10a, 
and as the weir 10 continues to be lowered it will escape through 
the opening 10a at a lower level, until the opening 10a is com- 
pletely uncovered when the wastewater escapes at the lowest pos- 
30 sible level. By lowering or raising the adjustable weir 10, there- 
fore, the level C-C of the wastewater in the head-tank 8 is cor- 
respondingly lowered or raised and the head E is increased or 
decreased to provide the necessary circulation of the wastewater 
down the dovncomer and up the riser to the head- tank 8. For 
35 increasingly onerous operating conditions, the adjustable weir 10 
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is lowered, bo as to provide a large head H; for decreasing^ 
onerous operating conditions, the adjustable weir 10 is raised, 
bo as to provide a smaller head H. It will he appreciated that 
the amount of power consumed by the screw pump 3 will depend 
5 upon how many of its turns are located above the level C-C, 

since those of its turns which are located below C-C are net, in 
fact, contributing to the raising of the wastewater. As the 
level C-C sinks, more turns of the screw pump 3 come into oper- 
ation and more power is consumed; as the level C-C rises, fewer 
10 turns of the screw pump 3 are actually contributing to the rais- 
ing of the wastewater and less power is consumed. 

the height of the weir 10 (and hence the level C-C and 
the head H) may be adjusted on an ad hoc basis as and when it 
becomes necessary, or it may be adjusted in accordance with a 
15 predetermined programme (for example, in the case of a domestic 
sewage plant, at fixed times at night and in the morning, or at 
other times when it is known that the load normally decreases or 
increases). It may be adjusted manually or otherwise by any 
Auitable height-adjusting means, generally designated by 11, for 
20 example in response to signals activated by changes in one or 
more operating parameters of the system, such as the rate of 
introduction of wastewater into the system at 4, the level A-A, 
the dissolved oxygen concentration of the wastewater and the 
rate of introduction of air into the system (which may itself be 
25 controlled by the preceding parameters) in such a way that the 
height of the adjustable weir 10 is increased or decreased as the 
circumstances require, m the case of the parameters mentioned 
above, any increase would require a decrease in the heitfit of the 
adjustable weir 10, and vice versa. There may, of course, be 
30 several openings 10a in the wall of the head-tank B, each with its 
own adjustable weir 10; preferably, but not necessarily, all the 
weirs 10 are controlled by a single height-adjusting means 11. 

in adjustable weir 10, as described, is only one means 
of raising and lowering the level C-C of the wastewater in the 
35 heao-tank 8. As illustrated in Figure 3. one can, for instance, 
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have an outlet 5 (as shown in Figure l) which can be opened or 
closed by a valve 12 or the like, with a further Bimilar outlet 
5a with valve 12a located above it. As long as the outlet 5 is 
open, the level C-C will remain substantially constant; when 
5 the outlet 5 is closed, the level C-C will riBe to the upper 
outlet 5a until the lower outlet 5 is opened again when it 
will sink back to its original level. Ehere could, of course, 
be more than two such outlets 5, 5a, to provide finer control 
of the wastewater level C-C, and the opening and closing of the 

10 outlets could be effected manually or otherwise (as described 
hereinabove in respect of the adjustable weir 10 )• 

. Although the invention has been described hereinabove 
with particular reference to archimedean screw pumps, it will 
be appreciated that it is equally applicable to other types of 

15 pumps. 
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wastewater is removed from the riser through the said outlet, 
whereby the level of the wastewater in the riser and the height 
of the hydrostatic pressure head can he controlled. 
6. An apparatus as claimed in claim 5> wherein the upper 

end of the riBer terminates in a head tank and the said outlet 
comprises an opening in the wall of the head tank which is 
adapted to he opened or closed to a greater or lesser extent by 
a vertically adjustable weir or the like, thereby treated waste- 
water flows from the head tank, through the opening, and over 
the weir at a height determined by the position of the top of 
the weir. 

7« An apparatus as claimed in claim 5» wherein at least 

two outlets are provided one above the other, and the tipper end 
of the riser terminates in a head tank, comprising an opening 
in the wall of the head tank, the lower of the two outlets being 
provided with means for opening or closing it, the arrangement 
being such that when the lower outlet is open treated wastewater 
flows out of the head tank therethrough, and that when the lower 
outlet is closed the level of the wastewater in the head tank 
rises until it flows out of the upper outlet. 

6. An apparatus as claimed in claim 6, including at least 

one further outlet intermediate the lower and upper outlets and 
being provided with means for opening or closing it. 

9. in apparatus as claimed in claim 5, wherein the said 
means for varying and adjusting the heigrt at which treated waste- 
water" is removed from the riBer is operated manually. 

10. in apparatus as claimed in claim 5t wherein the said 
means for varying and adjusting the height at which treated waste- 
water is removed from the riser operates in response to signals 
activated by one or more operating parameters of the Bystem. 
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